Reflex responses of stretched muscles were augmented by increased movement amplitude and velocity of muscle stretch.
h i g h l i g h t s
Reflex responses of stretched muscles were augmented by increased movement amplitude and velocity of muscle stretch.
Rigidity was enhanced by greater movement amplitude and velocity of the stretch. Knowledge of the amplitude-and velocity-dependence of rigidity may aid in clinical examination of this symptom.
a b s t r a c t
Objective: Quantify the effects of increased amplitude and rate of muscle stretch on parkinsonian rigidity. Methods: Eighteen subjects with Parkinson's disease participated in this study. Subjects' tested hand was passively displaced through 60°and 90°ranges of wrist flexion and extension at velocities of 50°/s and 280°/s in both treated and untreated conditions. Joint angular position, resistance torque, and surface electromyography (EMG) of the wrist flexors and extensors were recorded. Rigidity was quantified by normalized work scores and normalized angular impulses for flexion and extension, separately. Reflex responses of stretched and shortened muscles were quantified by mean EMG and EMG ratio. A series of ANOVAs was performed to determine the effect of amplitude, velocity and medication on selected variables. Results: Both work scores and angular impulses revealed that the larger displacement amplitude and the higher velocity were associated with significantly greater rigidity, increased EMG ratio and mean EMG of stretched muscles. Dopaminergic medication was not associated with a reduction in rigidity. Conclusions: Parkinsonian rigidity is modulated by the amplitude and rate of muscle stretch. Significance: These findings shed light on the biomechanical underpinnings and physiological characteristics of rigidity and may inform clinical rigidity assessment in Parkinson's disease. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Parkinson's disease (PD) is a chronic, progressive neurodegenerative movement disorder characterized by bradykinesia, muscle rigidity, resting tremor and postural instability (Lang and Lozano, 1998; Fahn and Sulzer, 2004) . As a cardinal symptom of PD, rigidity forms an integral part of clinical diagnosis. Rigidity is also used to evaluate the effectiveness of treatment, due to its positive response to dopaminergic medication and surgical intervention (Temperli et al., 2003; Schapira et al., 2009 ). Parkinsonian rigidity is defined as an increased resistance to passive movement of a limb and is felt as a constant and uniform resistance persisting throughout the entire range of motion (Fung and Thompson, 2002) . A clinical rigidity score utilizing the Unified Parkinson's Disease Rating Scale (UPDRS) is based on the examiner's perception of resistance to examiner-imposed movements of the subject's wrist, elbow, neck and ankle joints (Fahn and Elton, 1987; Goetz et al., 2008) . The nature of this assessment is qualitative and highly subjective, since it is largely dependent on examiners' individual interpretations and experience (Prochazka et al., 1997) .
Numerous studies have been conducted to explore the underlying physiological mechanisms of rigidity. Electromyographic (EMG) studies show that the short-latency stretch reflex was normal in PD (Rothwell et al., 1983; Delwaide et al., 1986; Bergui et al., 1992; Meara and Cody, 1993) . However, the long-latency stretch reflex was reported to be exaggerated in individuals with PD, as compared to healthy controls (Rothwell et al., 1983; Tatton et al., 1984; Cody et al., 1986 
